Dynamic range of GOCI radiance
In GOCI L1B image, each pixel has 32bit integer DN value and it can be directly converted to at-sensor radiance by applying the radiometric calibration coefficients provided by the KORDI. We have and MODIS. In overall, GOCI radiance value showed wider dynamic range and higher mean value than MODIS in all eight bands. Even through both data were obtained at the same time, viewing geometry and optical path length of geostationary GOCI and polar orbit MODIS were very different.
Such differences might be one of the discrepancies between GOCI and MODIS. Wide dynamic range of GOCI can be beneficial to discriminate several land surface features having a little difference in reflected signal. The advantage of the GOCI s wide dynamic range was also confirmed by visual interpretation between two images, in which GOCI image was better to show rather subtle tonal difference than observed by the GOCI might be also due to the onboard preprocessing method to control gain modes.
The GOCI was developed to record surface reflected signal in two gain modes to cover wide range of surface features, ranging from low signal of water to high signal of land and cloud (Kang, et al., 2010) .
Since the statistics showed in Fig. 2 were extracted from land area only, they probably represent signal obtained at low gain mode. The maximum radiance value of GOCI bands were close to the saturation radiance in low gain mode determined in pre-launch study (Cho, et al., 2010) . The MODIS band 8 ~ band 15 are mainly for ocean observations and, therefore, they may not be suitable to be compared with GOCI over land area. When we further compared two MODIS bands (band 2 and band 4), which are mainly for land observations and have similar spectral range with GOCI band 8 and band 4, the dynamic range between two sensors are very close. Since the viewing and sun illumination angles were not identical between GOCI and MODIS, we need further analysis to explain the difference.
Post-launch vicarious calibrations
To extract any meaningful and quantitative information from satellite image, we need to know accurate physical quantity from the digital number value of the image. In optical remote sensing data, the exact at-sensor radiance can be derived by applying the radiometric calibration coefficients provided by the satellite operating organization. Although prelaunch calibration coefficients were usually ready, we The corresponding GOCI at-sensor radiance given the surface reflectance was estimated by the radiative transfer code (6S) developed by Vermote et al. (1997) . Radiative transfer models were frequently used to calibrate the radiometric performances of satellite sensors (Thome et al, 1997; Castle et al., 1984) and further to simulate the satellite signal in the solar spectrum (Vermote et al., 1997) . The model requires several input parameters related to atmospheric condition, viewing and sun angles, earthsun distance, and sensor characteristics. Using such input parameters, it calculates the amount of energymatter interactions in atmosphere. To simulate GOCI at-sensor radiance, we used a standard pre-defined atmospheric profile, aerosol model, and spectral response functions of eight spectral bands, and viewing and sun geometry. To overcome the discrepancy between GOCI and MODIS spectral responsivity, the MODIS reflectance values were interpolated to the GOCI spectral region (about 400~900 nm). We obtained several GOCI images that correspond to the in-situ measurements time and the data acquisition time of MODIS image. From GOCI images, at-sensor radiance values were extracted for the ground sites as well as the reference targets selected from MODIS images.
As seen in Fig. 4 , the simulated GOCI radiance showed very close relationship with the actual radiance values obtained from the GOCI images.
Although the number of samples tested in this study were not enough to cover the total dynamic range of GOCI bands, the strong linear relationship between the simulated and the actual radiance values, with R 2 value ranging from 0.85~0.97, implies that the current radiometric calibration coefficients are suitable to derive absolute radiance recorded by the sensor. Root mean squared error (RMSE) ranges from 8.0 to 13.8, which is less than 10% of total dynamic range of each spectral band. In overall, actual GOCI radiance were slightly higher than the simulated radiance value, in particular at shorter wavelength blue band 1 to band 3. The higher GOCI radiance may be explained by several factors.
Atmospheric conditions are very important to simulate the process of energy transfer and interaction between the earth surface and the satellite sensors. In this study, we did not use actual atmospheric data at Korean Journal of Remote Sensing, Vol.28, No.3, 2012 -280- 
Viewing and solar illumination variation
To cover large geographic area, earth observation sensors need wide field of view that cause large range of view and sun angle variations (Roujean et al., 1992) . The large view and sun angle variation is also very important factor to influence the radiometric characteristics of GOGI images. Unlike the polar orbit satellite sensors like MODIS and AVHRR, the GOCI has fixed viewing azimuth and zenith angles for every pixel location (Fig. 5) , which makes it possible to have a simple correction for viewing geometry.
However, since the GOCI images were obtained eight times per day, solar illumination angle variation from morning to late afternoon is significantly large. We calculated NDVI using 1) at-sensor radiance, 2)
Korean Journal of Remote Sensing, Vol.28, No.3, 2012 -282- (a) (b) Fig. 7 . Sun angle normalization effect of NDVI calculated from GOCI bands 5 and 8, in which hourly variation of at-sensor radiance was diminished.
(a) (b) data, the close relationship with MODIS NDVI is encouraging indication that the GOCI has comparable radiometric quality to be used in land related applications.
Conclusions
The GOCI is a very unique sensor to provide high temporal observations for the northeast Asia region.
Although it was mainly developed for ocean color observation, it showed great potential to be used for land applications. In this study, we have examined the radiometric characteristics of GOCI data and found that they have comparable radiometric characteristics to derive reliable information over land surfaces.
Compared with MODIS radiance and NDVI data, GOCI showed very confident results that can be used to monitor very short term changes in terrestrial environments. To expand its applicability over land area, further study is necessary for the atmospheric correction.
